We show that a W jj excess in Tevatron data could be explained in the context of the standard nonsupersymmetric two-Higgs-doublet model (2HDM) for appropriately chosen parameters. Correlated signals in the γγ and W + W − bb final states are predicted and are on the verge of being detectable. The proposed model is most attractive if the cross section for the W jj excess is < ∼ 1 − 2 pb.
The discrepancy between the CDF [1] and D0 [2] results implies considerable uncertainty as to whether there is an excess of W jj events in the M jj ∼ 140 GeV region. Nonetheless, it is interesting to explore the different theoretical approaches that could produce such an excess. Many possibilities have appeared in the literature, including several Higgs sector approaches. A probably incomplete summary is the following: approaches based on SU (2) doublet scalars with or without extra singlets [3] [4] [5] [6] [7] ; Z-prime models [8, 9] ; new colored state models [10] [11] [12] ; supersymmetry models [13, 14] ; technicolor models [15] ; string theory models [16] ; and within the context of the Standard model [17] [18] [19] . This Letter demonstrates that the excess could be explained by the simplest non-supersymmetric two-Higgs-doublet (2HDM) model with completely standard Yukawa coupling structure. The model predicts correlated signals in the γγ and W + W − bb final states that are on the verge of detection.
We begin with a general overview of the approach. We employ a two-Higgs-doublet model of Type-II (a convenient summary appears in the HHG [20] ). In the context of the 2HDM, the masses of the light and heavy CP-even Higgs bosons, h and H, of the CP-odd Higgs boson, A, and of the charged Higgs boson H ± , as well as the value
couple to uptype, down-type quarks, respectively) and the CP-even Higgs sector mixing angle α can all be taken as independent parameters, whose values will determine the λ i of the general 2HDM Higgs potential.
To obtain a W jj signal with Tevatron cross section of order > ∼ 1 pb, the first ingredient is to note that the cross section for gg → A is highly enhanced at a given m A relative to the cross section for a SM Higgs boson at m h SM = m A when tan β < 1. The W jj signal derives from the (dominant) A → H ± W ∓ decay channel with H ± → cs. Note that this particular mode does not contain b quarks, as consistent with the CDF observations. Using the predicted value of BR(H + → cs) ∼ 0.2 for m H ± ∼ 140 GeV when tan β is small, one finds that a cross section for gg → A → H ± W ∓ → csW ∓ as large 1 However, H ± → t * b has a large branching fraction, as discussed later, but since t * → W b, this channel will not lead to a jj resonance signal.
as the CDF value of ∼ 4 pb can only be achieved for m A ∈ [250, 300] GeV if tan β < ∼ 1/10, a domain for which the top-quark Yukawa coupling is non-perturbative, α t ≡ λ
In the 2HDM there are only two possible models for the fermion couplings that naturally avoid flavor changing neutral currents (FCNC), Model I and Model II. In Model II, our focus here, the tree-level couplings of the Higgs bosons are:
We will fix α relative to β by requiring that the h be SM-like, i.e. sin(β − α) = 1. We also choose m h = 115 GeV for easy consistency with precision electroweak data. If the λ i of the Higgs potential are kept highly perturbative, the decoupling limit, in which m H , m H ± → m A and sin 2 (β − α) → 1, sets in fairly quickly as m A increases [21] . To describe a W jj excess requires that m H ± < m A (but m H ∼ m A is useful to enhance the signal), implying that the decoupling limit does not apply at the masses of interest. This requires that several of the λ i are substantial but still below the λ 2 i /(4π) ∼ 1 beginning of the non-perturbative domain.
Looking at Eq. (1), it is apparent that the cross section for gg → A can be large when cot β > 1. It is also useful to recall that the fermionic loop function for the A is substantially larger than that for the H (the CP-even Higgs that could contribute to the W jj excess if the h is SM-like); e.g. asymptotically
implying a cross section gain by a factor of 9/4 for A vs. the H in the heavy fermion mass limit. We have computed the gg → A (and gg → H) cross section using HIGLU [22] 
We define the effective W jj cross section for a Higgs boson X:
where X = A and X = H are the relevant Higgs bosons. As a benchmark to keep in mind, we will suppose that σ A W jj ∼ 1 pb is appropriate for describing the Tevatron W jj excess. BR(H + → cs) (computed privately and using HDECAY [23] ) is displayed in Fig. 2 where we see that a value of ∼ 0. The number of W jj events will be enormous for the soon-to-be-achieved L = 1 fb −1 . We anxiously await the appropriate LHC analyzes.
It is, of course, interesting to assess the extent to which gg → H → H ± W ∓ with H + → cs, H − → cs could con-
as a function of mA for m H ± = 140 GeV and Model II couplings. In this and subsequent plots for the H, we have taken mA = 200 GeV. The legend is as in Fig. 3 .
tribute to the W jj final state (recall that the h is taken to be light and SM-like so that only the H is relevant for the W jj excess). We have already noted that σ Other signals should be seen if the model is correct. In particular, as pointed out in [24] , there is a very large A → γγ signal for small tan β. Fig. 5 . For tan β ∼ 1/3, 1/5 and m A ∼ 250 GeV, R A γγ ∼ 10 2 , 10 3 , respectively! Such a signal will soon be observed at the LHC if present and might also be observable with current Tevatron data. To assess actual event rates one can combine the actual branching ratio for A → γγ, plotted in Fig. 6 with the cross sections for gg → A plotted in Fig. 1 . times acceptance is ∼ 0.12, implying a predicted number of A → γγ events of order 1.2. The actual number of observed events is consistent with the SM prediction, as shown in their Fig. 2 . They set a 95% CL limit of σBR(γγ) < ∼ 0.05 pb at M γγ = 250 GeV, a factor of ∼ 25 above our typical prediction. At the LHC, the corresponding calculation is σ(gg → A)BR(A → γγ) ∼ 164 pb × 4.8 · 10 −4 = 0.08 pb. For L = 36 pb −1 , 1 fb
this yields ∼ 3, 80 events, respectively. Ref.
[26] uses L = 36 pb −1 data to set a limit of σ × BR(γγ) < ∼ 0.7 pb at M γγ = 250 GeV, a factor of about 8 above the prediction for the present scenario. This shows that the present scenario for obtaining a W jj excess will be strongly tested once the currently available LHC data sets with L = 1 fb −1 are analyzed. Of course, the H also yields a large γγ signal (again of order 30% − 40% that of the A) that most probably would be detected as a separate peak if m H differs from m A by more than 10 GeV, given the excellent ∼ 2 GeV mass resolution in M γγ for the LHC detectors and given that the total A and H widths are of order 1 GeV. Enhanced gg → A cross sections also arise in a Model I 2HDM if tan β < 1. However, the enhancement is not quite as great as for Model II. In addition, BR(H + → cs) ∼ 0.13 for tan β ∈ [1/3, 1/10]. As a result, the W jj cross section that can be achieved in Model I is smaller by about a factor of three as compared to that achieved for the W jj final state in the case of Model II.
To summarize, we have shown that if tan β is small then a Model II two-Higgs-doublet sector with m A , and possibly m H , of order 250 GeV − 300 GeV can lead to a very interesting signal in the W jj final state that could match that seen by CDF at the Tevatron. To get a cross section as large as that originally claimed by CDF would force one to tan β < ∼ 1/10, values for which the top-quark Yukawa coupling is quite large and moderately non-perturbative. However, a W jj signal with cross section of order 1 pb, as possibly consistent with a combination of CDF and D0 data, is quite possible without entering into the domain of non-perturbative top-quark Yukawas. Correlated signals in the W + W − bb and γγ final states are expected. These final states are interesting targets for exploration in their own right. The predicted correlations between the W jj, W + W − bb and γγ signals makes the model proposed herein highly testable and points out the importance of taking into account the latter types of signals in order to fully assess the consistency of the model. At the LHC, the predicted W jj cross sections and those for the correlated signals are of order 40 times as large as at the Tevatron. As the integrated LHC luminosity approaches L = 1 fb −1 the model will most probably be definitively eliminated or confirmed. As a final note, the masses for the m H ± , m A and m H needed to explain the possible W jj excess using the approach described here cannot be achieved within the minimal supersymmetric model context.
